spati ally-low-pass subband. The result- 
ing data are converted to sign-magni- 
tude form and compressed in a manner 
similar to that of a baseline hyperspec- 
tral-image-compression method. The 
mean values are encoded in the com- 
pressed bit stream and added back to 
the data at the appropriate decompres- 
sion step. The overhead incurred by en- 
coding the mean values — only a few 
bits per spectral band — is negligible 
with respect to the huge size of a typical 
hyperspectral data set. 

The other method is denoted modi- 
fied decomposition. This method is so 


named because it involves a modified 
version of a commonly used multireso- 
lution wavelet decomposition, known 
in the art as the 3D Mallat decomposi- 
tion, in which (a) the first of multiple 
stages of a 3D wavelet transform is ap- 
plied to the entire dataset and (b) sub- 
sequent stages are applied only to the 
horizontally-, vertically-, and spectral ly- 
low-pass subband from the preceding 
stage. In the modified decomposition, 
in stages after the first, not only is the 
spatial ly-low-pass, spectral ly-low-pass 
subband further decomposed, but also 
spatial ly-lo w-p ass, sp ect r a 1 1 y-h i g h -p ass 


subbands are further decomposed spa- 
tially. 

Either method can be used alone to 
improve the quality of a reconstructed 
image (see figure). Alternatively, the two 
methods can be combined by first per- 
forming modified decomposition, then 
subtracting the mean values from spatial 
planes of spatially-low-pass subbands. 

This work was done by Matthew 
Klimesh, Aaron Kiely, Hua Xie, and 
Nazeeh Aranki of Caltech for NASA's Jet 
Propulsion Laboratory For further infor- 
mation, contact iaoffce@jpl.nasa.gov. 
NPO-41381 


# Improved Signal Chains for Readout of CMOS Imagers 

T wo major imitations of prior readout signal chains are overcome. 

N ASA's Jet Propulsion Laboratory, Pasadena, California 


An improved generic design has been 
devised for implementing signal chains 
involved in readout from complementary 
metal oxide/ semiconductor (CMOS) 
image sensors and for other readout in- 
tegrated circuits (ICs) that perform 
equivalent functions. The design applies 
to any such 1C in which output signal 
charges from the pixels in a given row 
are transferred simultaneously into sam- 
pling capacitors at the bottoms of the 
columns, then voltages representing in- 
dividual pixel charges are read out in se- 


quence by sequentially turning on col- 
umn -sel ecti n g f i el d -effect tr an si sto r s 
(FETs) in synchronism with source-fol- 
lower- or operational-amplifier-based 
amplifier circuits. 

The improved design affords the best 
features of prior source-follower-and op- 
erational-amplifier-based designs while 
overcoming the major limitations of 
those designs. The limitations can be 
summarized as follows: 

• For a source-follower-based signal 

chain, the ohmic voltage drop associ- 


ated with DC bias current flowing 
through the column-selection FET 
causes unacceptable voltage offset, non- 
linearity, and reduced small-signal gain. 
• For an operational-amplifier-based sig- 
nal chain, the required bias current 
and the output noise increase super- 
linearly with size of the pixel array be- 
cause of a corresponding increase in 
the effective capacitance of the row 
bus used to couple the sampled col- 
umn charges to the operational ampli- 
fier. The effect of the bus capacitance 
is to simultaneously slow down the 
readout circuit and increase noise 
through the Miller effect. 

The improved design (see figure) pro- 
vides a switched source follower in each 
column, one each for the signal and ref- 
erence samples [denoted an in-column 
switched source follower ( I CS 2 F) ] , fol- 
lowed by a single capacitive transimped- 
ance amplifier (CTIA) gain stage. The 
ICS 2 F consists of a different configura- 
tion of the column-selecting FET such 
that no DC bias current flows through it, 
and hence, without the associated ohmic 
voltage drop. Unlike in a prior opera- 
tional-amplifier-based design involving 
direct connection of the sample and 
hold capacitors to the row-bus, the input 
terminals of the amplifier present CTIA 
gain stage are not in direct contact with 
the bus and, therefore, this stage pro- 
duces voltage gain without the band- 
width reduction and noise multiplica- 
tion that is caused by the Miller effect. 
Secondly, as a result of using ICS 2 Fs, the 
bus carries a predominantly voltage sig- 
nal, (as opposed to a predominantly 
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The Improved Design affordsthe best featuresof prior source-follower and operational-amplifier designs. 
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charge signal as in a prior operational- 
amplifier-based signal chain). Hence, 
the charging and discharging of the bus 
is not slowed by the Miller effect, en- 
abling reduction of the bias current 
from the value that would otherwise be 
needed. The elimination of the ohmic 
drop across the column-selecting switch 
reduces the output voltage offset to a 
minimum, eliminates nonlinearity, and 


makes the small-signal gain approach its 
ideal value of unity. 

This work was done by Bedabrata Pain , 
Bruce H ancock, and Thomas Cunningham 
of Caltech for NASA's Jet Propulsion Labora- 
tory 

In accordance with Public Law 96-517 , 
the contractor has dected to retain title to this 
invention. Inquiries concerning rights for its 
commercial use should be addressed to: 


I n n ovative Techn ology Assets M anagemen t 
JPL 

M ail Stop 202-233 
4800 Oak Grove Drive 
Pasadena , CA 91109-8099 
(818) 354-2240 
E-mail: iaoffice@jpl.nasa.gov 
Refer to NPO -42006, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 


SSOI CMOS Imager With Suppression of Cross-Talk 

Potential applications are diverse, ranging from astronomy to medical imaging. 

N A SA'sJdt Propulsion Laboratory, Pasadena, California 
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A Photodiode Is Formed in the Handle Wafer between an implanted n-doped well and the rest of the 
handle wafer, which isp-doped. This arrangement makes it possible to apply a high reverse bias to the 
diode, as needed for high quantum efficiency and low diffusion cross-talk. 


A monolithic silicon-on-insulator 
(SOI) complementary metal oxide/ 
semiconductor (CMOS) image-detecting 
integrated circuit of the active-pixel -sen- 
sor type, now undergoing development, 
is designed to operate at visible and near- 
infrared wavelengths and to offer a com- 
bination of high quantum efficiency and 
low diffusion and capacitive cross-talk 
among pixels. The imager is designed to 
be especially suitable for astronomical 
and astrophysical applications. The im- 
ager design could also readily be adapted 
to general scientific, biological, medical, 
and spectroscopic applications. 

One of the conditions needed to en- 
sure both high quantum efficiency and 
low diffusion cross-talk is a relatively 
high reverse bias potential (between 
about 20 and about 50 V) on the photo- 
diode in each pixel. Heretofore, a 
major obstacle to realization of this 
condition in a monolithic integrated 
circuit has been posed by the fact that 
the required high reverse bias on the 
photodiode is incompatible with metal 
oxide/ semiconductor field-effect tran- 
sistors (MOSFETs) in the CMOS pixel 
readout circuitry. 

In the imager now being developed, 
the SOI structure is utilized to over- 
come thisobstacle: The handle wafer is 
retained and the photodiode isformed 
in the handle wafer. The MOSFETs are 
formed on the SOI layer, which is sepa- 
rated from the handle wafer by a 
buried oxide layer. The electrical isola- 
tion provided bythe buried oxide layer 
makes it possible to bias the MOSFETs 
at CMOS-compatible potentials (be- 
tween Oand 3 V), while biasing the pho- 
todiode at the required higher poten- 
tial, and enables independent op- 
timization of the sensory and readout 
portions of the imager. 


The figure presents a simplified and 
partly schematic cross section of one 
pixel. The photodiode isformed, in the 
handle wafer, between an implanted 
deep n-doped well and the rest of the 
handle wafer. An n + -doped cathode con- 
tact region in the well is electrically con- 
nected by a tungsten via plug to the 
source of a reset FET residing on the 
SOI layer. The bottom of the handle 
wafer is reverse-biased to 30 V, while the 
n + -doped cathode contact region is sub- 
ject to potential excursions of 1 to 2 V, 
which are within permissible voltage lim- 
its. The reverse bias of the handle wafer 
is brought in from the front side (the 
top side in the figure) through a p + - 
doped anode guard ring positioned and 
dimensioned to prevent breakdown of Si 
or SiO 2 in the presence of the bias po- 
tential. An implanted boron pinning 
layer, biased at a small negative poten- 
tial, holds the interface between the 
buried oxide and the handle-wafer sili- 
con in equilibrium and thereby helps to 
minimize dark current. 


The potential difference (©30 V) 
between the pinning layer and the bot- 
tom of the handle wafer could result in 
undesired ohmic conduction between 
them. Therefore, the doping profiles 
are chosen in conjunction with the de- 
vice geometry (including the dimen- 
sions of, and spacing between, the n- 
doped wells) to shape the electric field 
to create a pinch-off region (a poten- 
tial barrier) that prevents such con- 
duction. The pinch-off region also pre- 
vents electric-field coupling between 
adjacent n-doped wells, thereby elimi- 
nating inter-pixel capacitance and the 
associated capacitive cross-talk be- 
tween pixels. 

The reset FET is, more specifically, an 
n-type FET, chosen to prevent inadver- 
tent forward-biasing of the sensory 
node during reset-switch turn-off. The 
back and front gates of the reset FET 
are connected to each other in order to 
set the minimum anode potential such 
that the pinch-off condition is main- 
tained for all illumination conditions. 
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